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DESIGH FEATURES

THE ENCODER TOROUE ARM, WHICH NOLDS THE ROI0R FINED 7O OME
SIDE OF JOINT, IS INTENTIONALLY MADE OF L1GH? SECTiON
ALUMINEUM, SO'AS 10 MINIMIZE ANY IMPARTED STRESS/FORCES INTO
THE EWCODER ROTOR ASSEMOLY,

COMSEQUENTLY CARE MUST BE TAKEN AT ALL TIMES TO AVOID
INTERFERENCE BETWEEM WIRE HARNESSES AND/OR THERMAL BLANKETS
WITH THE TORQUE ARM.

PREPARED 8Y:

MIWG

SUPERCEDING DATE: 24 WOV _BS

APPROVED BY:

DATE: 24 JuL 91

———————

RMS/MECH - 221

CIL REV:

3



CRITICAL 1TEM8 LIST

PROJECT: SRMS

SYSTEM: MECHAMICAL ARM SUBSYSTEM
ASS'Y PIE! STIAOIT5ES SHEET:

——— ASS*Y NOMERCLATURET WECHARTCAC R 2
FMEA FHEA | WAME, OTY, & | FAILURE MODE FALLURE EFFECT HOWR / FUNC, RATIONALE FOR ACCEPTANCE
REF. rev. | oraving wér. AND oM 2/1RA
DESIGNAT ION CAUSE END ITEM CRITICALITY SCREENS: A-FAIL, B-PASS, C-PASS
4040 3 oPTICAL MODE ; THE POSTION ACCEPTANCE TESTS
POSITION ERRONEQUS INFORMATION T8 | c-eeremesaecacsn
ENCODER ANGLE COMPUTER 1S IHE SHOULDER, ELOOM AND WRIST JOINTS ARE SUBJECTED 10 THE
Q1Y-5 P/N oUTPUT, UNREL 1 ABLE FOLLOVING ACLEPTARCE ENVIRDNMENTAL TESTING.
51140f680-3 AND NOT
AND Q17-1 CAUSE(S): NEPRESENTATIVE O VIBRATION: LEVEL AND DURATION - REFERENCE TABLES 9, 10 AND
PN (1) TORQUE F SOINT 1.
5$11400231-3 AN POSTION.AUTO
RESTRAINED WO0E WiLL BE © THEAWAL:  +70 OEGEES C 10 -25 DEGREES C (2 CYCLES)
BY CABLE INDPERATIVE . 1°X 10°*6 TORR.
HARNESS OR CONSISTENCY
THERMAL CHECK WILL THE JOINTS ARE INTEGRATED [NTO THE RMS SYSTEN (PER wssz;
BLANKETS. INETIATE AUTO WHICH IS FURTHER TESTED 1M (TP518 RMS STRONGBACK AND TPS52
1:':5?5 FLAT FLOOR). THESE TESTS VERIFIES THE ABSENCE OF THE FAILURE
ARM VILL ’
STOP,0 RATE QUALIFICATION TESTS
comhnD 10 ALL ceemsesrmecaavaaans
JOINTS [ENCODER THE SHOULDER AND WRIST JOINTS WERE SUBJECTED TO THE LISTED
CHECK . DIRECT, SELOV ENVIAONMENTS, THE ELBOW JOINTS WAS NOT EXPOSED THE
GACKUP AND QUALTFECATION ENVIRONNEKTS WAS CERFIFIED BY SINILARITY TO THE
SINGLE WODES SHOULDER JOINT.
OPERATIVE. L0SS .
&Fm %i:?{:g 0 VIBRATION: LEVEL AND DURATION REFEREWCE TABLES 9 AND 10
g;;g;gn 0 SHOCK: 206711 MS - 3 AKES ( & DIRECTIONS)
- © THERMAL VACUUM: +81 DEGREES C 7O -36 DEGREES C (& CYCLES)
WORST CASE 1 X 10%%4 TORA.
UNENPECTED 0 EMC: MIL-SID-461 AS WODIFIED BY SL-E-0002 (TESTS CEO1,
WOTION. CEOS, CSD1, CSO2, €508, REO2 (M/B).
INCORRECT
POSTION DATA. © HUNIDIEY: ONLY SHOULDER JOINT WAS TESTED, 95X MM
AUTO BRAKES. (65 DEGREES C MAINTAINED FOR & WRS.) (65 DEGREES
¢ 70 30 DEGREES C IN 16 HRS) 10 CYCLES 248 HRS.
REDUNDANT PATHS
AEMATMING O LoD TEST: SHOULOER JOINT STRUCTURAL LOAD TEST REFERENCE
AUTOBRAKES :
HOTE: .
ELBOW JOINT (S/M 302 AND UP) INCORPORATES NON-WELDED
}nausmous WHICH WAS LCAD TESTED TO LOAD IN REFERENCE TABLE
_ FLIGHT CHECKOUT
' PDORS OPS CHECKLIST (ALL VEWICLES) JST 16987
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CRITICAL ITl.u: LIBT LLb: SHHS SYSYEM: HECHANITAL ARM SURSYSI{M
- 0 e o ASS'y kel ICTATIRE T HE ASS Y P R SITEDIISES T T T sy, 3
FHMEA FHEA HAME, Q1Y & TAILURE MODE FAILURE EFFECT HDWR 7 FUNC. RATIONALF FOR ACCEPTANCE
REF. REYV. oraulng rkr. AND oN 27178
DESIGNATION CALUSE END 1 TEM CRITICALITY SCREENS: A-FAIL, B-PASS, C-PASS
4040 3 DPTICAL MODE: THE POSTION OA/INSPECTIONS
POSETION ERRONEOUS INFORMATION 1@ | = -ccevmoennnn..
ENCODER AHGLE COMPUTER IS
oIY-5 P/N outeuT, UNRELJABLE PARTS ARE INSPECTED THROUGHOUT MANUFACTURE AND ASSEHBLY AS
S1140F5680-3 AND HOT APPROPRIATE 1O THE MANUFACTURING STAGE COMPLETED. THESE
AND OFY-Y CAUSE(S): REPRESEMTATIVE INSPECTIONS INCLUDE,
PN {1) TOROQUE OF JOINT
511400231-3 ARN POSTION.AUTO WIRE WARNESSES ARE INSPECTED OURING ASSEMBLY PROCESSES 10
RESTRAINED MODE WILL BE SPAR-1TP.251 AS REOUIRED BY SPECIFICATION SPAR-SG420.
B8Y CABLE INOPERATIVE. INSPECTIONS TMCLUDE, CONTINUITY, LEAKAGE RESISTANCE, WIRE
HARNESS OR CONSISTENCY ROUTING, STRAIN lElIEF, LACING ‘ND TIEDOWN ETC.
THERMAL CHECK WILL
BLANKETS, INITIATE AUTO THERMAL BLANKETS ARE INSPECTED AND TESTED TD SPAR DRAVINGS AND
BRAKES. SPECIFICATION, AND TO THE REQUIREMENTS OF SPAR INSPECTION TEST
iN AUTO PROCEOURE 1P, 256 WHICH INCLUDES THE FOLLOVING INSPECTION
ARM WILL LEVELS, INPROCESS, [INSTALLATION, PRE-TEST, IN-TESY, POST-TESF
STOP,0 RATE AND Flﬁll. IHSPECTlﬂI. THESE IHS‘ECIIMS IﬁCI.llJE:
COMMAND TO ALL .
JOINTS . ENCODER BLANKETS ANE INSPECTED FOR OUTER LAYER DAMAGE, CONTAMINATION
CHECK.DIRECT, LOOSE OR DANAGED THREADS, CORRECT STITCHING, ﬁm!l M.IGNHEH'
BACKUP AND AND MATING OF VELCRO G!&Iﬂﬂlﬂﬂ RESISTANCE, SECURE ENGAGEMENT
SINGLE MODES OF SNAP FASTENERS, EfC,
OPERATIVE. LOSS .
OF LINPING INSTALLATION INSPECTION VERIFIES ALANKETS ARE FITTED IN THE
DURING END CORRECT LOCATION AWD ORIENTATION, GOOD CONMTACT BETWEEN VELCRO
EFFECIOR HOOK AND LOOP PADS, CORRECT mtl OF GROUNDING LOCATIONS
CAPTURE. BETWEEN BLANKETS AND STRUCYURE AMD EMVELOPE CHECK WHICH IS
PERFORMED TO THE APPLICABLE JOINT/END EFFECTOR INSPECTIOM TEST
HORST CASE PROCEDURE . .
UNENPECIED IM-TEST [NSPECTION VERIFIES THAT THERE 1S WO INTERFERENCE OR
MOTION. OBSTRUCTIONS DETWEEN BLANKETS, GROUNDING WIRES AND ANY MOVING
1NCORRECT PARTS OF THE SRMS JOINTS AND fllll THERE 1S HO EXCESSIVE
PDS“gII Dl;l. RUBBING BETWEENM BLANKETS AND SURROUND ING CABLE WARNESSES.
AUTO BRAKES.
PRE-ACCEPTANCE TEST INSPECTION, WHICH INCLUDES AN AUD]IT OF
REDUNDANT PATHS LOWER TIER INSPECTION CMPlEIIh AS BUILT COMFIGURATION
REMAINING VERIFICATION TO AS DESIGN ETC., hmmmﬂv INSPECTION POINT)Y,
AUTOBRAKES A _TEST READENESS REVIEW (TRR) MMICH INCLUDES VERIFICATION OF
TEST PERSONNEL, TEST DOCUMENTS, TEST EQUIPMENT CALIBRATION/
VALIDATION SllfUS AND HARDMARE COMFIGURATION 1S CONVENED BY
QUALITY ASSURANMCE IN CONJUNCTION WETH ENGINEERING, .
RELIABILITY, CONFIGURATION COMTROL, SUPPLIER AS l&PllCIBLE,
AND THE EDVEHHEHI REPRESENTATIVE ﬁ!lﬂﬂ O THE START OF ANY
FORNAL TESTING (ACCEPTANCE OR ﬂl.lil.lﬂl:lllﬂ").
JOINT LEVEL ACCEPTANCE TESTING CATP) !NCLUDES AMBINET,
VIBRATEON AHD THERMAL-VAC TESTING.
(SPAR/GOVERNMENT REP, - MANDATORY INSPECTION POINTY.
SRMS SYSTEMS INTEGRATION, THE INTEGRATION OF MECHANECAL ARN
SUBASSEMBLIES AND THE fl.IGlll CABIN ECUIPMERT 1O FORM THE SRMS.
INSPECTIONS ARE PERFORMED AT EACH PHASE OF !RTEGRATION WHICH
INCLUDES GROUNDING CHECKS, THRU WIRING CHECKS, WIRING ROUTING,
INTERFACE COMNECIORS FOR ﬁﬂ" OR PUSH BACK CONTACTS ETC.
SRMS SYSTEMS TESTING - STRONGBACK AND FLAT FLOOR AMBIENT
PERFORMANCE TEST. (SPAR/GOVERNMENT REP., - MANDATORY INSPECTION
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RMS/MECH - 223



CRITICAL ITEMS LIST

PROJECT:
ASS*Y NOM

ERHS :

SYSTEN:
ASS'Y P

EECHIH!C!* ARM_SUBSYSTEN
FLE SHEET: 4

FUEA
REF.

FMEA
REV,

WAME, QTY, &
oravulng afr.
DESIGNATT0M

FAILURE MODE
AND
CAUSE

FALIURE EFFECY
OoN
END ITEM

HOWR / FUNC.
2/1RA
CREVRCALITY

RATIONALE FOR ACCEPTANCE
SCREENS: A-FAIL, B-PASS, C-PASS

4040

3

OPTICAL

o1y-5 P/l
511407680-3
AND QTY-1

PN
511400231-3

HODE :
ERRONEQUS
ANGLE
oUTPUT,

CAUSE(S):
(1) TORQUE
ARN
RESTRAINED
BY CABLE
HARNESS OR

THERMAL
OLANKETS,

THE POSTION
INFORMATION TO
COMPUTER IS
IAIHREI.IABI.E

HD NOT
REPRESENTATIVE

INOPERAT§VE.
CONSISTENCY
CHECK MILL
INITIATE AUTO
BRAKES.

IN AUTO

ARM WILL
ST0P,0 RATE
commhND 1O ALL

" JOINTS . ENCODER

CHECK.DIRECT,
CKUP AND

BA

SINGLE MODES
OPERATIVE, LOSS
OF LINPING
OURING END
EFFECTOR
CAPTURE.

WORST CASE

UNEXPECTED
HOTION,

INCORRECT
POSTION DATA.
AUTO BRAKES.

REDUNDANT PATHS
REMAINING

...............

AUTOBRAKES

PREPARED BY:

MING

SUPERCEDING DATE: 24 WOV 86

POINT)

RMS/MECH - 224

DATE: 24 JUL A

CIL REV:

3



CRITICAL ITEM8 LIBT

FROJECT: SRMS

SYSTEM; MECHANICAL ARM_SUBSYSTEM
: STYAUITSES

- - - . - ASS'Y NOM T Assty p/N: SHEET: 5
FMEA EMEA HAME, QTY, & FAILURE MODE FAILURE EFFECI HDMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REY. oraulnG mér. AND ON 271m0
DESIGHAT TN CAUSE END ITEM CRITICALTTY SCREENS: A-FAIL, B-PASS, C-PASS
4040 3 oPTICAL MODE : THE POSTION FATLURE WISTORY
POSETION ERRONEOUS [HFORMATION 1O cesmmmrmaaana. .
ENCODER ANGLE COMPUTER 1S
o1Y-5 P/ QUTRUT. UNREL 1 ABLE THE FOLLOWING FAILURE ANALYSIS REPORT(S)} ARE RELEVANT:
$1140F680-3 AND NOT
AND OFY-1 CAUSE(S):! REPRESENTAYIVE
PN (1) TOROUE Of JOINT
511400211-3 ARN POSTION, RUTO FAR 2013:
RESTRAINED MODE WitL BE $/N 203 oct 78
8Y CASLE INDPERATIVE.
NARNESS OR CONS [STENCY DESCRIPTION
THERMAL ceck Wit | eeeeeeees -
BLANKETS, INITIATE AUTO FALLED FUNCTIOMAL FOLLOVING T/V DUE TO MARPING OF WOUSING.
BRAKES, HOUSINGS WERE WARPED AFTER PRODUCTION, VERE REWORKED BUT NOT
IN AUTO STRESSED RELIEVED. 1/V STRESS RELIEVED
ARM WILL
STOP,0 RATE CORRECTIVE ACTION
comino 10 ALL Seeemaamans
JOINTS  ENCCDER REWORKED MOUSINGS AVATLAGLE, ENCODERS S/N 202, 204, 205
CHECK.DIRECT, DELTVERED W1IH FAULT. NC ARAMOLIES NOTED N $rU 1fsT.
BACKUP AND
SINGLE MODES FAR 2056:
OPERATIVE, 10SS S/N 202 w79
OF LINPING
DURING END DESCRIPTION
EFFECTOR |  --eee-eeni.
CAPTURE . RUN-OUT OUT OF SPEC AFTER ENVIRONMENTAL TEST,
WORST CASE CORRECTIVE ACTION
UNEXPECTED UNIT REMORKED TO DRAWING. REFER 10 DRAVING. REFER T0 FAR
MOT ION., 2013
TNCORRECT
POSTECN DATA. FAR 2362:
AUTO BRAKES. s/H 302 JuN B3
REDUNDANT PATHS DESCRIPTION
REMAINING | L-iieeelll
ceeseeseemnnies ANGLE OF TRAVEL 0.0.S CABLE INTERFERRED WITH ENCODER TOROUE
AUTOBRAKES ARM
CORRECTIVE ACTION
RELAYED CABLE
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CRITICAL ITEM8 LIBT PROJECT: Eﬂnﬂm!!!u SYSTEH: HECHANICAL ASH SUBSYSTEM
o - . - - - - ASS'Y HOW T Assty p/R: SHEET: [
FMEA FMEA HAME, Q1Y FAILURE MODE FAILURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. oravlng rEr. AND oN 2/1RA
DESIGNATION CAUSE END 1TEM CRITICALITY SCREENS: A-FATL, ®-PASS, T-PASS
4040 3 OPTICAL MODE : THE POSTION OPERATIONAL EFFECTS
POSETION ERRONEOUS INFORMATION 10 |  ceeecssceccanecndes
ENCODER ANGLE COMPUTER |$ JOTHT RUNAWAY. AUTOBRAKES. CAMNOY USE COMPUTER SUPPORTED
QY-S P/N UTPUT, UNREL 1ABLE MODES. DINECT DRIVE AND BACKUP AVAILABLE. ARM WILL NOT STOP
S11407580-3 AND KOT AUTOMATICALLY JF AN UNDETECTED FAILURE OF THE AUTO BRAKES
D OTY-1 CAUSE(S)¢ NEPRESENTATIVE SYSTEM HAS PAEVIOUSLY OCCURRED.BRAKES CAN BE APPLIED
] (1) TOROUE Of JOINT MANUALLY .,
511400231-3 H POSTION.AUTO
RESTRAINED MODE WILL SE CREW ACTLOM
Y CASLE INOPERAT I VE. wecmesmenan
HARNESS OR CONSTSTENCY
THERMAL CHECK MILL APPLY BRAKES. USE DIRECT DRIVE.
SLANKETS. INITIATE AUTO
BRAKES,
1N AUTO
:;gp U.I,I.h“ CREW TRAINING
comthun 10 ALL
JOINTS. ENCODER THE CAEW WILL BE TRAIMED 7O ALVAYS OBSERVE WHEVHER THE ARM
E:sﬁsénmscr, 18 RESPONDING PROPERLY TO COMMAMDS. IF IT ISN'T, APPLY BRAKES.
SINGLE MODES MISSION CONSTRATNT )
OPERATIVE, LOSS sesecsecsenannanes
OF LIMPING
DURING END OPERATE UNDER VEANIER RATES MITHIN 10 FT OF STRUCTURE.
EFFECION THE OPERATOR MUST SE ASLE 7O DETECT THAT THE ARN/PAYLOAD IS
CAPTURE. RESPONDING PAOPERLY 10 COMMAMDS VIA UINOOM AND/OR CCTV
VIEWS DURIND ALL ARM DPERATIONS.
WORST CASE
---------- SCREEM FAILURES
UNENPECTED A
MOT 0N,
1MCORRECT At JOINT ENCOOER CANNOY BE DRIVEN THROUGH ITS FULL TRAVEL.

POSTION DATA.
AUTO SRAKES.

NEOUHDANT PATHS
REMAINING

AUVOBRAKES
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